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doi:10.1016/j.ejvs.2009.05.004Abstract Objectives: To unravel the extent to which gender plays a role in the epidemiology,
aetiology, risk of rupture and treatment of abdominal aortic aneurysms (AAAs) and to give an
overview of these factors.
Design, Materials and Methods: A literature review was performed in the Medline database
and Cochrane Library for gender-specific articles on epidemiology, aetiology, risk of rupture
and treatment of AAAs.
Results: Our literature review suggests that the prevalence of AAA in women is underesti-
mated. Regarding aetiology, an oestrogen-mediated reduction in macrophage MMP-9
production seems to be an important mechanism causing gender-related differences in AAA
development. We found consensus in the literature that women run a greater risk of rupture
compared to men under the current management rules for AAAs. Their treatment mortality
also seems to be higher for both elective and ruptured repair.
Conclusions: Gender-specific guidelines should be put into place for themanagement of AAAs and
awareness for this disease should be increased, both in women themselves and in their doctors.
ª 2009 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.0 239 7155; fax: þ31 40 244
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ty for Vascular Surgery. PublisheThe current management of abdominal aortic aneurysms
(AAAs) has mainly resulted from two randomised controlled
trials (RCTs), which indicated no benefit of operation vs.
surveillance for AAAs smaller than 5.5 cm in diameter.1,2
Nevertheless, there are good indications to treat certaind by Elsevier Ltd. All rights reserved.
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saccular form). Although these two RCTs included
a predominantly male population (the UK Small Aneurysm
trial, 83% and the ADAM trial, 99.2%), their results are
applied to both sexes. There is, however, increasing
evidence that this may not be correct. Gender-specific
differences in the expression of enzymes, responsible for
vascular structure degradation, have been documented,
higher risks of rupture have been reported for women and
women also seem to fare worse after both elective and
ruptured AAA repair.
To assess whether current management of AAAs ensures
that women receive adequate treatment it is necessary to
unravel the extent to which gender plays a role in the
epidemiology, aetiology, risk of rupture and treatment of
AAAs. The aim of this review was to give an overview of the
current state of knowledge regarding these factors.
Methods
Three searches of the Medline database and Cochrane
Library were performed by the first author. For ‘aetiology’,
keywords describing AAA, aetiology, MMP and genes were
used. For ‘risk of rupture’, keywords describing AAA,
rupture and outcome were used. For ‘treatment’, we used
keywords describing AAA, treatment and outcome. Each of
these searches was combined with the search term
(‘women’, ‘gender’, ‘female’, ‘sex’) to identify gender-
related articles. Articles retrieved were restricted to those
published in English, Dutch, French, German and Spanish.
Lists of references of identified articles were checked to
obtain additional references. Articles were excluded if AAA
was not the main disease, and if they did not report on theFigure 1relevant topic for men and women separately. Case-reports
and reviews were also excluded. (See the flowchart for the
description of the selection procedure) (Fig. 1). In perusing
the gender-specific articles identified through the searches,
references were found to further pertinent articles that did
not meet the search criteria in full. These articles have also
been included in this review.
Epidemiology
The prevalence of AAA varies with a number of factors,
including advancing age, family history, gender and tobacco
use. The prevalence of AAAs larger than 2.9 cm in diameter
ranges from 1.9% to 18.5% in men and 0% to 4.2% in women,
the ranges being explained by the different age groups used
and the differences in case-mix.3e6
The prevalence of AAAs in women is currently considered
too low for their inclusion in ultrasonographic screening
programmes and stratified analyses in the various RCTs.
Wanhainen recently demonstrated that prevalence in women
is underestimated by using the standard definition for AAA of
a 30 mm diameter. The prevalence for 65e75-year-old was
16.9% for men and 3.5% for women, whereas when using
another definition, 1.5 normal infrarenal aortic diameter
(predicted from a nomogram), the prevalence was 12.9% for
men and 9.8% for women.7
Aetiology
Histologically, AAAs are characterised by destruction of
elastin and collagen in the media and adventitia, smooth
muscle cell loss with thinning of the medial wall, infiltration
of lymphocytes and macrophages and neovascularisation.8
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degenerative atherosclerotic disease but, in recent years,
matrix metalloproteinases (MMPs) are considered to play an
important role.
Matrix metalloproteinases (MMPs)
Experimental data of human AAAs suggest that matrix
metalloproteinases (MMPs) and other proteases, derived
from macrophages, ‘activated’ endothelial cells, aortic
smooth muscle cells and adventitial fibroblasts, are
secreted into the extracellular matrix causing its degra-
dation and leading to aneurysm formation.9,10 While some
MMPs have a particular affinity for specific components of
the connective tissue matrix (e.g., MMP-3 for elastin), the
breakdown of other components, such as collagen, prob-
ably requires a mixture of MMPs (e.g., MMP-1 for collagen
types I and III, MMP-9 for collagen type IV).11,12 The MMPs
are released into the tissues as inactive MMPs, which are
then converted into an active state. Several studies have
reported on the gender-specific aspects of MMP-9.13,14
This metalloproteinase is actively produced by aneurysm-
infiltrating macrophages and its expression appears to
correlate with increasing aneurysm diameter.15 Hovsepian
et al. reported that MMP-9 plasma levels appeared to
directly reflect the amount of MMP-9 produced within
aneurysm tissue.16 MMP-9 plasma levels also decreased
substantially after surgical AAA repair. Two experimental
studies showed that MMP-9 expression was up to 10 times
higher in male vs. female rats, that oestradiol-treated
male rats had smaller aneurysms and less macrophage
infiltration and MMP-9 expression than non-treated male
rats. Male-to-male aortic transplants uniformly developed
aneurysms, female-to-female aortic transplants remained
resistant to aneurysm formation, but female aortas
transplanted to male recipients lost their aneurysm
resistance.13 These data suggest that an oestrogen-medi-
ated reduction in macrophage MMP-9 production may be
one mechanism causing gender-related differences in AAA
development.
Genetics
A positive family history of AAA in a first-degree relative is
known to increase the risk of aortic aneurysm.17 Brothers of
patients with an AAA seem to be at highest risk.18,19 One
explanation is that families are usually subjected to similar
socioeconomic and environmental factors. Blanchard et al.,
however, showed that after correcting for these factors,
positive family history remained an independent risk factor
for the development of AAA.20 Investigations have been
undertaken to identify a possible inheritability pattern or
gene accounting for AAA formation. Majumder et al. and
Kuivaniemi found the recessive inheritance pattern to best
fit their data.21,22 In contrast, Verloes et al. found that
a single dominant gene gave the best explanation of their
findings.23
In families where AAAs appear to be inherited domi-
nantly, no significant difference in the transmission of the
disease between mothers and fathers has been found. It
has, however, been observed that, in these families,
AAAs are transmitted from one of the parents to a son in
79% of the cases and only in 21% of the cases to
a daughter.22Vlijmen-van Keulen et al. studying three Dutch families
with four or five affected siblings identified a candidate
locus at chromosome 19q13.3.24 When analysis was per-
formed on affected sib-pairs, no evidence was found that
this locus was common in familial AAA.
Overall, there is considerable evidence for genetic
factors to play a role in AAA formation, but to date no single
gene or polymorphism has been identified as a common
denominator. The exact role of genders also still needs to
be determined.
Risk of AAA rupture
An AAA is usually asymptomatic, but when it ruptures
patients’ overall mortality may be as high as 80e90%.25
Therefore, ideally, factors contributing to rupture should
be identified so that appropriate screening and treatment
guidelines can be formulated to prevent AAAs from
rupturing. The UK Small Aneurysm trial reported a 4 times
higher risk of rupture for women than men (hazard ratio
(HR) 4.0; 95% confidence interval (CI): 2.0e7.9). This higher
risk was confirmed in a study with patients unfit for elective
study.26 A 3-times higher risk of rupture for women was
found and occurring at a smaller diameter than men
(5.0 0.8 vs. 6.0 1.4, pZ 0.001) in patients kept under
surveillance.27
Recently, several studies have evaluated the factors that
may contribute to AAA rupture. The most commonly
reported factors were aneurysm size, aneurysm growth rate
and biomechanical factors.
Aneurysm size
Absolute AAA diameter
It is universally agreed that the diameter of an AAA is an
important predictor of rupture. Szilagyi et al. were among
the first to demonstrate this.28 Since then, several studies
have looked into this relationship.26,27,29,30 These studies
show considerable variation in the estimates of actual
rupture risk for any specific AAA diameter. The Joint
Council of the American Association for Vascular Surgery
and Society for Vascular surgery suggest that a diameter of
5.5 cm may be the best threshold for repair in the ‘average’
patient.31 They also recommend elective repair as from
4.5 cm in women, although no evidence is presented for
this recommendation.
Relative AAA diameter
There are significant variations in aorta diameter. In a normal
male adult for instance, the aorta diameter gradually
decreases from 28 mm in the thorax to 20 mm infrarenally. It
increases with age, increasing height, weight, bodymass and
body surface area (BSA). In women, aorta diameter is on
average 2 mm smaller than in men.32e34 For this reason,
various authors have suggested using relative AAA diameter
instead of absolute AAA diameter.
Several criteria have been used to define relative AAA
diameter:
- AAA size vs. predicted normal aortic diameter. The
predicted diameter is calculated using nomograms that
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Lanne et al. found that while the absolute AAA diameter
did not significantly differ (46.5 mm vs. 48 mm) between
men and women, BSA was lower in women than men,
1.63 m2 (1.42e1.95) vs. 1.89 m2 (1.47e2.37), p< 0.0001,
so that the predicted normal aortic diameter was
smaller (16.4 mm (14.3e17.8) vs. 19.7 mm (18.0e21.6);
p< 0.0001). Thus, the relative AAA diameter increase
from the predicted size was larger in women than in men
(2.93 (2.25e3.53) vs. 2.46 (1.90e2.94); p< 0.0001).35
- Maximum AAA diameter vs. suprarenal aortic diameter
Using computed tomography (CT), Forbes et al.
demonstrated that AAAs of equal size represent
a significant greater relative dilatation in women
compared to men (2.83 0.52 vs. 2.55 0.42,
pZ 0.02).29
Growth rate
Most authors agree that a faster AAA growth rate is asso-
ciated with increased rupture risk.36,37 Three studies,
encompassing 1639 patients, reported growth rates strati-
fied for gender. The first38 reported a faster growth rate in
women compared with men (2.43 mm per year vs. 1.65 mm
per year). High initial diameter (p< 0.001) and female sex
(pZ 0.003) were significant predictors of increased growth
rate. The second39 study found that growth rates in women
were significantly higher than men (3.67 mm per year
(range: 1.2e37.02) vs. 2.03 mm per year (range: 4.80e
21.00), p< 0.01), once again showing that initial aortic
diameter (AP) (odds ratio (OR) 3.83, p< 0.001) and female
sex (OR 2.04, pZ 0.006) were independent risk factors for
expansion.
The third study reported that higher AAA growth rate
(þ1.82 mm per year, pZ 0.008) and aneurysm diameter
(þ0.06 mm per year, pZ 0.049) were associated with
female gender.40 In contrast, Brown et al., in a study with
895 patients, reported no significant difference in AAA
expansion rate between men and women.36Biomechanical factors
Aneurysms rupture when the local stress in the wall
exceeds the corresponding local wall strength. In practice,
this means that larger aneurysms have a higher wall stress,
and therefore have a higher rupture rate than smaller
aneurysms. This is confirmed by a study that showed that
peak wall stress was a significant independent predictor of
rupture (ORZ 25,95% CI: 5.7e110; p< 0.0001).41 In other
studies, computer-based three-dimensional ‘finite element
analyses’ were used to determine the wall stress distribu-
tion in AAA. One such study revealed that aneurysms of
similar size arising from small aortas have much greater
wall stress than those arising from larger aortas.42 The only
study to specifically report on gender differences in these
biomechanical properties43 suggested a trend towards
a decrease in ultimate tensile strength in females
compared to men (87.6 6.7 N cm2 vs. 67.6 8.1 N cm2,
pZ 0.09). Owing to a small population size their results
were only nearly significant.Treatment
Since the first open surgical repair in the 1950s, elective
operative mortality has decreased dramatically44 but to
a lesser extent for women than for men. The introduction
of endovascular aneurysm repair (EVAR) marked a further
decrease in operative mortality. Again this effect, is not as
pronounced for women, one reason being that they receive
less EVAR treatment.45,46 In 2003, it was reported that EVAR
was performed in 28% of women compared to 44.3% of men
(p< 0.001).46 The poorer anatomical suitability of women
compared with men most commonly given as reason.
There has been an overall trend (for both sexes) towards
a reduction in ruptured AAA repair in the last decade.46
From 1994 to 2003, ruptured AAA repair decreased by 29.3%
for men and 12.2% for women (p< 0.001). So while for men
it decreased significantly, it did not for women.46 Mortality
associated with rupture remains high and is also signifi-
cantly higher for women than for men (52.8% vs. 44.2%;
p< 0.01).46
Probability of admission to hospital and operative
treatment
It has been suggested that women are admitted to hospital
less frequently than men when suffering from an AAA. One
study, considering admissions for ruptured AAA, found that
only 50% of women were admitted to hospital vs. 59% of
men.47
Once admitted to hospital with the diagnosis of AAA,
women have lower rates of surgery than men for both elec-
tive48 and ruptured repair.47 The probability of receiving
treatment for a ruptured AAA ranges from 37% to 70% for
women compared with 63% to 89% for men.46,47,49e52Treatment mortality
Once it has been decided to perform surgery, women also
have higher 30-day mortality. One of the largest studies,
with more than 400 000 patients, using the 1979e1997
National Hospital Discharge Survey (NHDS) data reported
significantly higher 30-day mortalities for women than men
for both elective and ruptured AAA repairs.53 A recent study
by Wanhainen, of over 10 000 primary AAA repairs, reported
women also to have a significantly higher 30-day mortality
after elective repair, but only found a near significant
increase for women after ruptured AAA repair.54
Discussion
Epidemiology
Wanhainen demonstrated that depending on the definition
of an AAA used, the prevalence of AAA in women could be
much higher than currently thought. It seems reasonable to
assume that a definition of 30 mm for the average woman is
inappropriate and leads to an underestimate of the preva-
lence of AAA. The prevalence of AAAs in men and women is
probably not as far apart as first thought and a greater
awareness of this disease in women is desirable and their
282 N. Grootenboer et al.inclusion in screening programmes warrants close
consideration.
Aetiology
Only in the case of MMPs have gender-specific (experi-
mental) studies been undertaken. The results of these
provide evidence of gender-related differences in AAA
development, which may reflect an oestrogen-mediated
reduction in macrophage MMP-9 production. These obser-
vations explain why AAAs hardly occur pre-menopausally in
women. This apparent correlation suggests that gender-
based experimental studies may provide important infor-
mation on the occurrence and development of AAAs in
humans.
Risk of rupture
Numerous studies have reported 3e4 times higher risks of
rupture for women, with ruptures also occurring at smaller
diameters than for men.26,27 Further, while the incidence
of AAA rupture between men and women is about 3:1,47
most studies indicate the ratio of men to women under-
going an elective operation for AAA to be approximately
5:1. Similarly, a population-based screening study found
the prevalence ratio of men to women aged 65e80 years
with AAA to be almost 6:1.55 In other words, it would
appear that a disproportionate number of women present
with ruptured AAA. In addition, several studies also found
that women had a higher proportion of ruptured vs. elec-
tive repair than men.27,47,56 Several authorities have sug-
gested that this problem can be overcome by using relative
AAA diameters, but such guidelines are not widely applied
in clinical practice. If they were, the higher risk of rupture
in women could be reduced.
Whether or not the higher reported AAA growth rate for
women simply reflects a more advanced stage in aneurysm
development (during which AAA diameter increases expo-
nentially) rather than a specific gender-related feature is
not clear.
Biomechanical studies also appear to hold promise for
modelling aneurysm development, but only a single paper
was found that dealt with gender differences in the tensile
strength of aortas. It reported a lower tensile strength for
women. Biomechanical studies may represent a fruitful
area for further investigation of the effect of gender. They
will most probably lead to superior indicators of rupture
than AAA diameter.
Treatment
In the last decade, the rate of repair of ruptured AAAs has
significantly declined for men but not for women. Mortality
associated with repair also remains higher for women than
for men. Mortality associated with elective repair has
decreased dramatically for both sexes but again to a lesser
extent for women.
Once admitted to hospital, women also have less chance
of receiving operative treatment and their outcomes are
worse than men. A striking feature of many of the articles
that report a higher mortality for women is that many useNorth American population-based databases and very large
sample populations. Whether this outcome reflects an
inherent bias in these types of databases or more accurate
statistical results because of the larger populations is not
clear. If the latter is the case and there is a real difference
in mortality for men and women, it is possible only to
speculate about the reasons for this at present. These
differences would be similar to those seen in coronary heart
disease where women have a worse outcome, which is only
partly explained by greater age.57 As with coronary heart
disease, women with an AAA may have worse risk factor
profiles (other than age), resulting in greater co-
morbidity.58 Several alternative suggestions have been put
forward to explain their worse treatment mortality such as
their poorer anatomical suitability compared to men for
EVAR and the lack of endovascular surgical devices specif-
ically designed for women. Furthermore women with an
AAA may be more likely than men to be current smokers.5
Women may also have different role patterns and/or atti-
tudes than males. By the time they develop an AAA they
have often survived their spouse and may choose not to be
operated on. There is also evidence that, as in the case of
myocardial infarction (MI), women delay seeking medical
attention.59 A reduced awareness of AAA in women, both in
the women themselves and their doctors, as well as gender
bias, both of which may result in diagnostic and surgical
delay probably also play a role. Support for this suggestion
is provided by the fact that the proportion of women in
surgical series is generally less than the proportion deter-
mined from autopsy studies, ultrasound studies, hospital
discharge data and national mortality information.46,60
Conclusions
All the above findings indicate that women have a greater
chance of rupture compared to men under the current
management regime for AAAs. While women are older than
men when they experience a ruptured AAA, they are still
dying from a condition that could have been detected and
treated. Allowing for the greater life expectancy of women
at all ages, there appears to be a need for greater attention
to aneurysm disease in women. Many reasons have been but
forward for this disproportionately poorer outcome for
women, the most important ones being the current abso-
lute threshold for repair and the lower awareness and
therefore diagnosis of AAA in women. These findings
warrant gender-specific guidelines for the management of
AAAs. A greater effort should also be made to increase the
awareness, of both women and their doctors for this
disease.
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